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httpicense.Abstract The present study aims to throw light on the tectonic implications concerned with the
distribution of the sedimentary sequence belts and the related basement complex zones, as well
as to differentiate between the causative sources (contacts, dykes and faults) of Eastern Yemen
region. The total intensity aeromagnetic map of the study area was ﬁrst corrected by the application
of the Reduction To the magnetic pole (for low latitude areas). The visual inspection of the RTP
magnetic map deﬁnes a rapid change in the subsurface geologic conditions in the form of lithologic
characters and tectonic inferences. On the other hand, this map showed different anomalies of vary-
ing frequencies and amplitudes that revealed various causative sources, as well as varying compo-
sitions and depths. At the interpretation stage, various techniques and software tools are available
for extracting the geologic information from the data concerned. The magnetic ﬁelds of shallow
sources can be separated from those of deeper causatives, using two processes known as power spec-
trum transformation and matched band pass ﬁltering. Three methods for locating magnetic sources
(Magnitude of Horizontal Gradients (HGM), the analytical signals (AS) and the local wavenum-
bers (LW)) in three dimensions and identifying the properties of their sources indicated that, the
area was affected by some intrusions at various depths in sill or dyke forms, almost oriented in
the NW–SE, NE–SW, E–W and N–S trends. Tectonically, the area is highly affected by the tecton-
ics related to the Arabian Sea, Gulf of Aden and Red Sea. It is affecting both the basement and
sedimentary rocks, dividing the study area into several faulted blocks.
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278 A.S. Abu El-Ata et al.1. Introduction
Yemen is located at the southwestern part of the Arabian Pen-
insula and bordered by the Arabian Sea to the East, Gulf of
Aden to the South and the Red Sea to the West. It lies south
of Saudi Arabia and west of Oman; between latitudes 12
and 19N, and longitudes 42 and 55E. The study area occu-
pies the eastern part of Yemen and lies between latitudes
14270 and 18270N, and longitudes 48000 and 52300E. The
area of this part is about 212,000 km2 surface coverage and
is mostly equal to 40% of the total area of the country (Fig. 1).
High-resolution aeromagnetic data are useful for the geo-
logic and hydrologic mapping at a variety of scales, and also
for environmental investigations.
This paper discusses some of the guidelines used in analyz-
ing high-resolution aeromagnetic surveys and illustrates some
of the techniques and software tools used for reducing, pro-
cessing and interpreting such aeromagnetic data for structural
and tectonic features.
Reduction-to-the-pole (RTP) is a ﬁltering technique used to
align the peaks and gradients of the magnetic anomalies di-
rectly over their sources. This provides a simple approach to
improve realistic estimates of the source locations.
Power spectrum transformation and matched bandpass ﬁl-
tering are techniques used to separate the magnetic anomalies
produced at different source depths. In particular, the anoma-
lies produced by near-surface sources, such as shallow geologic
units and cultural features, can be separated from the anoma-
lies produced by deeper geologic units.
Automated interpretation techniques can provide informa-
tion about the thickness of sedimentary basin ﬁll, the locations
of geologic contacts and faults, and the magnetic properties of
buried rocks. These source parameters are important in theFigure 1 Location map ofinvestigations of water aquifers, mineral resources and geo-
logic hazards. Three similar automated techniques are used
to investigate the subsurface geology of the study area.
There are, however, two factors which make the interpreta-
tion of magnetic data more complicated [1]; (1) the dipolar nat-
ure of the magnetic ﬁeld, and (2) the additional unknown
parameters introduced by the direction of magnetization in
rocks. Nevertheless, despite these complications, magnetic sur-
veys and their interpretations can give very useful geological
information when applied to the right types of problems.
2. Geologic setting
Geomorphologically, the study area is characterized by: (1)
coastal plains in Yemen. This physiographic feature is 30–
60 km wide along the Red Sea, Gulf of Aden and Arabian
Sea. These plains are subdivided into Tihamah, Tuban-Abyan
and Ahwer-Meifa’ah plains. The last one lies in the study area,
along the Arabian Sea, which is represented by Hadramawt
and Mahra coasts. (2) Also, the Eastern Plateaus are dissected,
in particular, by Wadi Hadramawt and its tributaries. This re-
gion is subdivided into the Northern and Southern Plateau
zones and Wadi Hadramawt and the Jiza-Qamar basin. (3)
The other geomorphologic feature at the study area is the de-
serts located between the highlands and the eastern plateaus
are the Ramlat as-Sabatayn to the south and the Rub’a Al-
Khali to the north, which are among the most desolate deserts
in the world [2] (Fig. 2).
Geology of Yemen is related to the regional geology of the
Arabian Peninsula, in which the basement complex is a part of
the Arabian Shield, within a larger geologic framework of the
Arabian–Nubian Shield. The latter had been developed during
the Upper Archian (?) to Neo-Proterozoic age and formedYemen and study area.
Figure 2 Topographic and geomorphologic map of the study area.
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[3].
The surface geologic outcrops at the study area are
ranging in age from Pre-Cambrian to Quaternary (Fig. 3).
The Protrusion metamorphic basement is un-conformably
overlain by the Ordovician ferruginous sandstone, Permain
black shales, and Early Jurassic marls and sandstones (Kohlan
Formation). The Late Jurassic is composed of marls and lime-
stone (Amran Group). These platform series are overlain by
the Cretaceous continental sandstones (Tawilah Group). The
eastern part of Yemen (study area) is characterized by Paleo-
cene–Eocene sediments of limestone, marl and gypsum
(Hadramawt Group) and Oligocene–Miocene sediments (syn-
rift) of conglomerates, sandstones, marls, gypsum, limestones
and shales (Shihr Group) [4].
Tectonic evolution of the study area (Fig. 4) is related to the
Late Jurassic–Early Cretaceous break-up of Gondwana and
the inception of the basins (Sayun-Masila and Jiz’a-Qamar)
are linked to rejuvenation of the NW–SE and E–W oriented
fractures during Gondwana breakup. The interpreted gravity
and magnetic data strongly suggest the presence of the NE–
SW and N–S faults in the subsurface parallel to the Tertiary
faults mapped at the surface. It is possible that, these faults
were active during the Paleozoic, controlling the Paleozoic
and Mesozoic sediments thicknesses [5]. The Tertiary evolu-
tion of Yemen results from the opening of the Red Sea and
the Gulf of Aden.3. Magnetic data
The magnetic map was compiled from the data collected from
26 different airborne surveys between 1976 and 1985. Thesurvey data, recorded at constant barometric altitude, predom-
inantly in the north of Yemen Republic and at a constant ter-
rain clearance in the south, were incorporated into the
Magnetic Anomaly Map of Yemen. The individual survey data
were continued to a constant barometric altitude of 3350 m.
After the needed corrections, the resultant data were con-
toured and displayed in 2-D total intensity aeromagnetic
map of scale 1,000,000. The investigated area was involved
in this survey, which was constructed using a single contour
interval of 10 nT.
The present total intensity aeromagnetic map (Fig. 5)
exhibits some different types of positive (magenta and red col-
ors) and negative (light and dark blue colors) anomalies.
However, the map reveals prominent negative features in
circular and elongated shapes distributed at the western,
central and eastern parts of the mapped area. The major
negative anomaly occurred at the western part (at latitude
15.5).
Accordingly, the northern part of the map area is occupied
by a major positive magnetic belt, which is split into ﬁve larger
positive closures, as well as some small positive noises. The en-
tire anomalies trend nearly NW–SE, except one anomaly,
which located at the northern part, is nearly irregular in shape
and trends NE–SW.
However, the southern part of the map area reveals some
major magnetic belts. The ﬁrst major belt is nearly a NW–
SE positive magnetic anomaly extending from the southwest-
ern part of the map to near the central one (magenta and
red colors). Added, the southwestern corner of this belt is
occupied by a low frequency circular and elongated negative
closure (light and dark blue colors). Also, there are moderate
positive and negative anomalies at the southern part, trending
NW–SE.
Figure 4 Sedimentary basin with principal highs/uplifts in Yemen (after As-Saruri, 2005).
Figure 3 Geological map of the area.
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Figure 5 Total intensity aeromagnetic map of the study area.
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tive magnetic belts lie between the two fore-mentioned positive
anomalies. As moderately and so steep magnetic gradient
(green color) bounds the fore-going southern and northern po-
sitive magnetic belts.
4. Total intensity magnetic map reduced to the pole (RTP)
Since the study area is positionedwithin a low latitude region in the
northern hemisphere; the original aeromagnetic data were
subjected to a reduction to the northern pole (RTP). The RTP
transformation usually involves an assumption that, the total
magnetizations of most rocks align parallel or anti-parallel to the
Earth’s main ﬁeld (declination = 0.36, inclination = 17.46,
and IGRF total intensity value = 36,725 nT for the study
area).
Therefore, a speciﬁc programmade by [6] at the USGS (Uni-
ted States Geological Survey) called GX’s (Geosoft eXecuta-
bles), which is compatible with the Geosoft and contains the
RTP operation in low latitudes (the study area is between
14.5 and 18.5 latitudes). So, the authors used this method
for the application of the RTP tool on the available total inten-
sity aeromagnetic data of the study area by using GX’s within
the [7] software.
A general outlook on this map (Fig. 6), in comparison with
the original total intensity aeromagnetic map (Fig. 5), reﬂects
the northward shift in the positions of the inherited magnetic
anomalies, due to the elimination of the inclination and its dec-
lination of themagnetic ﬁeld at this area, as shown from the con-
tribution of the colored anomalies in the map. Also, the shapes
of the anomalies are centered over their respective causative
bodies.This map elucidates some major magnetic belts scattered in
different parts of the map and can be described as follows:
A- The positive anomalies are with an amplitude of about
190 nT (magenta and red colors), expressed as: the posi-
tive anomalies, which are trending NE–SW, NW–SE
and E–W occupied mainly the southwestern, northwest-
ern, central, southern and western parts with elongated
and circular shapes.
B- The negative anomalies are with an amplitude of about
100 nT (light and dark blue colors), expressed as: the
negative anomalies, which trend NW–SE, NE–SW and
E–W with elongated, semi-circular and circular shapes
are mainly occupied at the northwestern, southern,
southwestern and western parts of the map area.5. Filtration and improvement
5.1. Power spectrum analysis transformation
The Fast Fourier Transformation (FFT) was applied on the
RTPaeromagnetic survey data to calculate the energy spectrum.
As a result, a two-dimensional power spectrum curve was ob-
tained (Fig. 7). Based on the appearance of the spectrum, (i.e.
change in the slope of the spectrum curve), the spectrum is di-
vided into two components, the deep origin or regional compo-
nent dominates the low frequency and the shallow origin or
near-surface component dominates the high frequency.
This technique for separation was applied on the RTP mag-
netic data to produce the low-pass and high-pass magnetic
components maps at the two assigned interfaces (Figs. 8 and
9), respectively.
Figure 6 Reduction-to-the pole of the total intensity aeromagnetic map.
Figure 7 Local power spectrum of the RTP magnetic data.
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Figure 8 Low-pass ﬁltered RTP map (frequency cut-off 0.01 cycle/ground-unit).
Figure 9 High-pass ﬁltered RTP map (frequency cut-off 0.01 cycle/ground-unit).
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shows deep-seated high amplitude positive and negative mag-
netic anomalies. Some of the magnetic anomalies continue toappear from the original RTP magnetic map (Fig. 6) to this
low-pass map, but with lower amplitudes and frequencies at
the deep-seated interface. Moreover, a group of small-sized
284 A.S. Abu El-Ata et al.magnetic anomalies, shown on the original RTP map, appears
also on the low-pass map, but as single, continuous and broad
magnetic anomalies. These features indicate that, these small
sized anomalies are commonly deep-rooted and therefore
could be considered of deep-seated origin. This low-pass
RTP magnetic map brings out the major trends affecting the
deep-seated structures of the study area. These structures
nearly possess the NE–SW and E–W as the main structural
trends, beside the NW–SE trend, but in a less signiﬁcant order.
The (residual) high-pass component map (Fig. 9) clearly
shows several clusters of positive and negative magnetic anom-
alies, which are of higher resolution than those of the RTPmap.
These anomalies have nearly semi-circular and elongated shapes
and are characterized by their relatively high frequencies and
short wave lengths. The local variations in both frequency and
amplitude of these anomalies may be due to the difference in
their compositions and/or their relative depths of their sources.
The major trends (E–W, NE–SW, NNW–SSE and NW–SE
directions) are distinguished for the near-surface structures in
the study area, as deduced from the residual map.
5.2. Matched bandpass ﬁltering
Normally, the aeromagnetic signals from the near-surface sed-
imentary geologic units and cultural (man-made) features will
have much lower amplitudes and much shorter wavelengths
than the aeromagnetic signals from the deeply buried crystal-
line geologic units within the bedrock. In this situation, Fou-
rier bandpass ﬁltering can be used to isolate and enhance the
anomaly wavelengths associated with the shallow or deepFigure 10 Matched bandpass ﬁltered map ﬁttingsources. For optimal separation of the signals, the bandpass
ﬁlters must be specially designed for each survey, using a pro-
cess known as ‘‘matched ﬁltering’’.
The small wave length map (Fig. 10) involves magnetic
anomalies produced by geologic sources at shallow depths.
The equivalent magnetic half-space for this band-pass is lo-
cated at 0.9 km. below the survey surface. The intermediate
wave length map (Fig. 11) contains RTP magnetic anomalies
produced by effective sources at intermediate depths. The
equivalent RTP magnetic half-space for this band-pass is lo-
cated at 3.5 km. Moreover, the longest wave length map
(Fig. 12) or the deepest layer, contains the RTP magnetic
anomalies from the deepest and most broadest sources of the
geologic section, as deduced from the shape, altitude and lat-
eral extension of the contour anomalies of this map. Also,
the equivalent RTP magnetic half-space for this band-pass is
located at nearly 6.6 km. depth.
6. Automated interpretation of source parameters
Various methods exist for estimating the source locations and
other source parameters from aeromagnetic data, both in pro-
ﬁle-form and in map-form. This section compares the results of
three similar interpretation methods that work on map data:
the horizontal gradient method, the analytical signal method
and the local wavenumber method. Phillips [8]. presents a brief
theoretical development of the methods and compares among
them, using synthetic magnetic proﬁle data.
When applied to the reduced-to-pole magnetic data, the
horizontal gradient method [9–11] assumes that, the sourcesthe shallow layer (0.9 km) for the RTP data.
Figure 11 Matched bandpass ﬁltered map ﬁtting the deep layer (3.5 km) for the RTP data.
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that; the magnetization vectors are collinear with the geomag-
netic ﬁeld vector. Peaks in the horizontal gradient magnitude
of the reduced-to-pole magnetic ﬁeld are used to locate the con-
tacts and estimate their strike directions. If a contact is not ver-
tical, then the horizontal gradient method will mis-locate the
contact in the down-dip direction [12]. If the geologic units are
not thick, the depth estimates from the reduced-to-pole ﬁeld will
be too shallow, andmay contain spurious solutions produced by
low-amplitude anomaly side lobes. In this case, peaks in the hor-
izontal gradient magnitude of the pseudo-gravity ﬁeld can be
used to locate sources representing the edges of thin horizontal
sheets [13]. The horizontal gradient method is relatively insensi-
tive to the ambient noises in the data and to the interference ef-
fects between the nearby sources.
The analytical signal method [14,15] assumes that, the
sources are isolated dipping contacts separating thick geologic
units. Peaks in the analytical signal amplitude, which is derived
from the ﬁrst horizontal and vertical derivatives of the ob-
served magnetic ﬁeld, are used to locate the contacts and esti-
mate their strike directions. If the geologic units are not thick,
the depth estimates from the analytical signal method will
be too shallow. The dip of the contacts can be estimated, if
the magnetization vectors are assumed to be collinear with
the geomagnetic ﬁeld vector. The analytical signal method is
moderately sensitive to the noises in the data and to the
interference effects between the nearby sources.
The local wavenumber method [16,17] as implemented by
Phillips [8] assumes that, the sources are isolated and linear,
without a presumption of thickness. Peaks in the local wave-
number, which is derived from the ﬁrst and second vertical
and horizontal derivatives of the observed magnetic ﬁeld, areused to locate the sources and estimate their strike directions.
The dip of the sources can be estimated, if the magnetization
vectors are assumed to be collinear with the geomagnetic ﬁeld
vector. The local wavenumber method is quite sensitive to the
noises in the data and to the interference effects between
the nearby sources, which can result in an overestimation of
source depths.
Therefore, the horizontal gradient magnitude map for the
RTP data of the study area was enhanced, as illustrated in
Fig. 13. This map describes principally the major variations in
the magnetization of the upper most part of the crust, as well
as the associated variations in its composition and thickness.
The horizontal gradient maxima occur over the steepest parts
of magnetic anomalies, while the minima occur over the ﬂattest
parts.
Fig. 14 illustrates the horizontal gradient magnitude contact
locations superimposed along the crests of the RTP map. This
ﬁgure shows that, the contact locations are ﬁtting on the bound-
aries of the positive and negative anomalies of the RTP map.
Also, the analytical signal map for the aeromagnetic data
was enhanced, as illustrated in Fig. 15. This map shows prin-
cipally the major positive NE–SW trend at the western part,
and the negative anomalies occur at the eastern part of the
map. The positive and negative anomalies, as in the HGM, de-
scribed the variations in the magnetization of the upper most
part of the crust, as well as the associated variations in its com-
position and thickness.
Moreover, the identiﬁcation of contact locations, which are
obtained by using the analytical signal (AS), is superimposed
along the crests over the RTP map (Fig. 16). This map shows
that, the contact locations are ﬁtting on the boundaries of the
positive and negative anomalies of the RTP map.
Figure 12 Matched bandpass ﬁltered map ﬁtting the deepest layer (6.6 km) for the RTP data.
Figure 13 Horizontal gradient magnitude ﬁltered map as derived from the reduction-to-the-pole map.
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Figure 14 HGM of the RTP map with identiﬁed contact locations superimposed along the crests.
Figure 15 Analytical signal ﬁltered map as derived from the aeromagnetic map.
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data was derived, as illustrated in Fig. 17. This map shows
basically the major positive NE–SW trend at the western part,and the negative anomalies occur at the eastern part of the
map. The positive and negative anomalies, as in the previous
two methods (HGM and AS), described the variations in the
Figure 16 RTP map with analytical signal contact locations superimposed along the crests.
288 A.S. Abu El-Ata et al.magnetization of the upper most part of the crust, as well as
the associated variations in its composition and thickness.
The identiﬁcation of contact locations, which are obtained
by using the local wavenumber (LW), is superimposed along
the crests over the RTP map (Fig. 18). This map shows that,
the contact locations are ﬁtting on the highs and on the bound-
aries, with more details than the other methods, of the positive
and negative anomalies.
7. Interpreted contact locations
The three sets of contact locations resulting from the three
fore-mentioned analytical methods can be combined as a color
composite image to aid in the ﬁnal interpretation of the pre-
ferred contact locations on the grayscale terraced RTP map.
In Fig. 19, the horizontal gradient contacts are colored cyan,
the analytical signal contacts are colored magenta, and the lo-
cal wavenumber contacts are colored yellow.
Moreover, the overlapping contacts are colored red (AS
and LW), green (HGM and LW), and blue (HGM and AS),
or black (all the three methods).
Whereas, the overlapping contactsmaybe judgedmore reliably
than the isolated contacts, in which the overlap is not the only cri-
terion for choosing the preferred contact locations. The relative
reliability of the three methods is also a factor of conﬁdence.
The horizontal gradient method provides contacts that are
highly continuous and generally parallel to the contours of the
reduced-to-the pole aeromagnetic ﬁeld. For this reason, the hor-
izontal gradient method is used to determine the locations of the
physical property (magnetization) boundaries during terracing.
Recall, however that, the horizontal gradient method requires
many assumptions and that, violations of these assumptionscan result in displacement of the contacts away from their true
locations. The displacement is typically down dip from the true
contact location [12]. The analytical signal method does not
make the same assumptions anddoes not result in displaced con-
tacts. However, the analytical signal contacts are less continu-
ous and their directions can be inﬂuenced by the ﬂight line and
the other noises in the data. The local wavenumber contacts
are even less continuous and even more susceptible to noises.
Based on these factors, the following criteria were used to
interpret the ﬁnal contact locations, shown in Fig. 20:
1. Where the horizontal gradient contacts (cyan) are isolated,
they represent the best available contact locations.
2. Where the horizontal gradient contacts (cyan) are parallel
to and slightly offset from the analytical signal contacts
(magenta), the analytical signal contacts represent the true
contact locations and the horizontal gradient contacts indi-
cate the down dip direction (indicated by tic marks).
3. Where the analytical signal contacts (magenta) are isolated
and not aligned with the ﬂight lines or other known noise
directions, they provide reliable contact locations.
4. Where the analytical signal contacts (magenta) are discon-
tinuous due to the noise effects, they may be supplemented
by the local wavenumber contacts (yellow).
8. Basement tectonics
In view of the foregoing explanations, the surface geology
information, well logging data that are distributed at the area
and the qualiﬁed study from the magnetic interpretation can
be used to establish a basement conﬁguration (basement
depths) map, as illustrated in Fig. 21.
Figure 17 Local wavenumber ﬁltered map as derived from the aeromagnetic (up + 1 km) map.
Figure 18 RTP map with local wavenumber contact locations superimposed along the crests.
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Figure 19 Estimated contact locations from the three methods (HGM–AS–LW) on greyscale terraced RTP map.
Figure 20 Interpreted contact locations from the three methods (HGM–AS–LW) on the RTP map of the study area.
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Figure 21 Basement conﬁguration map below the sea level at the study area.
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controlled by several normal faults at varying depths, with
different directions and throws. They indicate that, the
most probable sites of thick sedimentation, in the form of
stratigraphic basins, are linked with the lateral and/or ver-
tical variations in the underlying basement feature
conﬁguration.
2. The study area can be divided into some major geologic
units of relatively thin and thick sedimentary cover beneath
it in the form of ridges and basins, and a more complicated
basement features made up of a number of swells and
troughs. These segments are greatly differing in directions
and dip regimes, age-wise.
3. The results reveal that, the northern part of the study area
shows regional thickening (wide basin) of the sedimentary
section, with some exceptions as mid-basin archs. It is
loaded by a thick sedimentary section, which may exceed
6.0 km in certain parts.
4. Several normal faults cutting through the basement surface
are traced, and the produced basement structural features
are interpreted as uplifts, basins and sub-basins. The most
promising localities for petroleum prospecting and mineral
exploration are those concerned with some high blocks of
the major faults, which are lying within or between the
major tectonic provinces. The positive fault blocks inside
the major basinal belts act as stratigraphic and structural
traps, where the chance of discovering giant oil ﬁelds is
available at these parts.
5. The interpreted processes provide evidence that, the base-
ment folding features play an important role in the distribu-
tion of the sedimentary cover. Such swells-troughs setup ofthe basement affects the thickness variations in the sedi-
mentary section in terms of ridges-basins, which in turn
may have an affect on the hydrocarbon potentiality in the
study area, as will be shown later in a separate title.
6. From the combined study, the basement rocks in the study
area seem to be of acidic types intruded by some shallow
and deep-seated basic intrusions as dykes and sills.
9. Summary and conclusions
Phase-shift effects in aeromagnetic anomalies resulting from a
non-vertical geomagnetic ﬁeld vector can often be removed
using the reduction-to-the pole (RTP) ﬁltering. The intended
effect is to move the anomaly peaks and gradients directly over
their sources, to aid in the interpretation.
The visual inspection of the RTP magnetic map deﬁnes a
rapid change in the subsurface geologic conditions and/or lith-
ologic characters. On the other hand, this map shows different
anomalies of varying frequencies and amplitudes that reveal
various causative sources, as well as varying compositions
and depths.
Aeromagnetic anomalies produced by deep geologic
sources can be separated from the anomalies produced by shal-
low geologic and cultural sources, using power spectrum trans-
formation and matched bandpass ﬁltering.
Using a combination of the three methods (HGM, AS and
LW) is generally the best approach. Horizontal gradient con-
tacts, that overlie the analytical signal or local wavenumber
contacts, indicate the edges of horizontal sheets or vertically
dipping contacts. Horizontal gradient contacts, that are offset
292 A.S. Abu El-Ata et al.from the analytical signal or local wavenumber contacts, indi-
cate dipping contacts, with the true location close to the ana-
lytical signal or local wavenumber solution and the dip in
the direction of the horizontal gradient solution. Paired hori-
zontal gradient contacts can be resolved as a single analytical
signal or local wavenumber contacts over non-horizontal
sheets or pipeline sources.
Tectonically, the magnetic methods were critical for detect-
ing the geometry of the basement rocks and the structures re-
lated to tectonic forces. The structural set-up could be
interpreted as uplifted and down lifted blocks, ridges and ba-
sins, which affect the thicknesses of the sedimentary cover.
Several groups of magnetic trends could be recognized includ-
ing the NW–SE, which agree with the Late Pre-Cambrian to
Early Cambrian Najd fault system. This system was associated
by a subordinate and conjugate NE–SW fracture system of
Late Mesozoic. Moreover, the interpreted magnetic data con-
cededly propose the existence of NE–SW, E–W and N–S faults
in the subsurface parallel to the tertiary faults mapped on the
surface. These magnetic trends almost deﬁne a number of tec-
tonic provinces of different dip regimes. Finally, we can con-
clude, that the area is highly affected by the tectonics related
to the Arabian Sea, Gulf of Aden and Red Sea. It is affecting
both the basement and sedimentary rocks, dividing the study
area into several faulted blocks.
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